Introduction
The organization of this paper is as follows. In the next section, we present the model formulation of a population with parental care described with a pro-portional transition rate from immature individuals to mature individuals. Our As a trait, it can adapt and evolve because of learning of individuals. We hope to 89 find influences of adaptation of care time c on population dynamics.
90
To derive the recruitment rate of population, we assume that the resource input 91 is constant r, which is a reasonable approximation in the first step and simplifies with a = ka 0 r and b = a 0 hr. Now, without evolution of c, we can assume that 102 population dynamics is described by 
120
Here note that
Following the spirit of adaptation (Dieckmann and Law, 1996; Hofbauer and Sig-mund, 1998; Abrams, 2000), we assume that adaptation equation takes the form:
where β(c) satisfies: β(0) = β(1) = 0, β(c) > 0 for 0 < c < 1 to ensure c lies 126 between 0 and 1. Thus, the full model is
To be specific, we choose β(c) = wc(1 − c) with a positive constant w. Indeed,
128
mathematical analysis and computer simulations below show that the change of 129 adaptation coefficient β(c) does not influence qualitative behavior of (2.2), though 130 the adaptation speed is altered. w is always fixed at 1 for numerical computations.
131
We transform (2.2) by u = y 1 /y 2 to obtain 
where s * = 1 − c * (see (A-12) ). Thus, we have from (A-13) Now, we can present that the adaptation of population enhances its persistence.
151
Indeed, the case that c = 1 is uninteresting because there is no reproduction. For 152 0 ≤ c < 1, if we set
it is easy to see
156
Then Table 1 follows easily from comparison of existence and stability of positive 157 equilibrium E 00 of (2.1) and equilibria E 1 and E * of (2.3) (see Appendix A and B).
158
In fact, from : Distribution of equilibrium E 00 of (2.1) and equilibria E 1 and E * of (2.3) in the plane of a (fecundity) and c (parental care), where region A gives "no relevance to adaptation", B indicates "advantageous parental care" and C presents "adaptation mediated survival". 
Resource Competition and Parental Care

178
We now point out that model (2.3) admits an interesting phenomenon of stability 179 switches of equilibrium E 1 as the natural mortality rate d 1 of immatures varies.
180
Indeed, let
182
It follows from (A-14) that E 1 is stable if S > 0, whereas E 1 is unstable if S < 0.
183
If we fix b = 2, d 2 = 0.1, a = 18, ν = 0.1 and α = 2, then we see that E 1 is unstable 184 when d 1 < 0.9 or d 1 > 3.9, and is stable when 0.9 < d 1 < 3.9 by Table 1 (see the   185 left panel of Figure 4 ). could answer the question is the limitation of resource available to the population.
195
If the death rate of immatures is small, a large number of them could be matured.
196
It subsequently leads to the strong resource competition among matures, because Another common way to model a stage structure is to use delayed differential 204 equations (DDE) when the duration of immature stage can be easily measured.
205
Following the modeling approach in the last section, without evolution of c, we 206 assume that the population dynamics is described by
where T is the transition rate from immatures to matures, defined by
in which τ gives the time for immatures to mature. Here T represents the imma- Aielo and Freedman (1990).
216
By similar arguments in the previous section, we introduce the adaptation equa-
and obtain the full model:
) .
(3.2)
Note that c is now time dependent and we need the transition term expressed with 218 integral form in the above. 
229
To see whether the adaptation can enlarge the possibility of population survival,
230
we consider the stability of model (3.1) where there is no population adaptation.
(3.1) admits a globally stable positive equilibrium E 01 = (y 01 , y 02 ) where
. Table 2 ). It follows that the adaptation increases the possibility 236 of population persistence.
237
Motivated by the observations on ODE model (2.3), we hope to know whether Hence, the density of matures at the equilibrium is a decreasing function of τ , and
261
the density of immature individuals at the equilibrium increases for 0 < τ < τ c /2, 262 decreases for τ c /2 < τ < τ c . Further, the density of whole population at the 263 equilibrium increases for
and decreases for
267 (see Figure 7) . From Figure 7 , we see that parental care timec, which gives the 268 maximal total population size, increases as the stage delay increases. and parental care become more severe. As a result, the curve for the difference, suggest that the population undergoes adaptation toward increasing parental care,
295
provided that either α is large, a is small or b is large. In other words, the more 296 parental care is required, the smaller the difference becomes. Hence the population 297 state approaches to the optimal state as parental care is required for the survival 298 of the population. 
The coefficient matrix of the right-hand side of (A-1) has a negative dominant
and has a positive dominant eigenvalue if holds. Indeed, the theory of monotonic flows (Smith, 1995; Zhao, 2003) implies that 337 system (2.1) has a positive equilibrium, denoted by E 00 , that is globally stable. 
343 Then E 0 = (u 0 , 0, 0) is an equilibrium point of (2.3). When
another equilibrium E 1 = (
, y 20 , 0) occurs where
347
It is easy to see that E 0 is a saddle point. The stability of E 1 is not trivial. The
The characteristic equation is 
Then (A-7) and (A-8) imply
which leads to
A simplification of (A-10) yields
As a consequence, we obtain
Note that (A-6) implies that y * 2 > 0 and 0 < s * < 1. Therefore, the existence and 366 uniqueness of the positive equilibrium is verified.
367
The Jacobian matrix at E * is 
379
This equilibrium exists if and only if (A-3) holds.
380
Now we consider relations among stability conditions of various equilibria of 381 (2.3). Note that the second inequality in (A-6)
is equivalent to (A-5). In fact, from the definition of y 20 , we have
which, together (A-14), implies 
Stability of Equilibria of (3.2)
392
We now consider stability of (3.2). First, we find equilibria when c = 0. When
It is easy to verify that (A-16) has a positive equilibrium E 10 = (y 10 , y 20 ) with 395 y 20 = ae by summarizing above discussions, we obtain Table 2 that presents the distribution 438 of equilibria of (3.2).
